Scrub typhus is a major public health threat in South and Southeastern Asian countries including India. Understanding local patterns of disease and factors that place individuals at risk is pivotal to future preventive measures against scrub typhus. The primary aim of this study was to identify specific epidemiological and geographical factors associated with an increased risk of developing scrub typhus in this region.
cases have been reported in these regions, and an estimated one billion people are at risk for contracting the illness 1 . Occurring in periodic outbreaks in the early 1900s, scrub typhus was classified as a typhuslike fever in 1917 2 . In the pre-antibiotic era, case fatality rate due to this illness approached 50 per cent. Tetracycline and chloramphenicol subsequently dramatically lowered the mortality associated with this infection 3 . Interest in this infection generally decreased, as the reported incidence declined in the subsequent decades, potentially because of the common use of tetracycline and chloramphenicol for treating febrile illnesses, pesticide use, and limited diagnostics leading to underreporting. However, resurgence of scrub typhus with considerable morbidity and mortality has now been well documented in several States in India and neighbouring countries [4] [5] [6] .
Agricultural labourers in the endemic region are known to have a higher risk for developing scrub typhus. However, other known risk factors for this disease can be region-specific. A study in Korea found that women tended to be more at risk for scrub typhus than men 7 . Conversely, a study from Beijing, PR China found men to be at higher risk 8 . Additionally, while rice farming has traditionally been associated with scrub typhus infection, studies in Korea and Taiwan point to dry farming as a greater risk 8, 9 . Similarly, keeping domestic animals in the yard has also been found to be a significant risk factor in northeast India, but not so in Beijing 8, 10 .
We undertook this epidemiological study to understand the local pattern of disease in the south Indian States of Tamil Nadu (TN) and Andhra Pradesh (AP) (now including Telangana). The primary aim of this study was to identify specific epidemiological and geographical factors associated with an increased risk of developing scrub typhus in this region. The secondary aim was to map these local infections to highlight geographic areas of concern where further data are needed to ascertain disease burden and identify additional local risk factors. Finally, because prior research has also shown an increase in scrub typhus incidence before and after rains in the cooler months of the year 11 in countries like India that have a monsoon season, the seasonality of these cases was also examined using the month of presentation of the patients to the hospital.
Material & Methods
Subjects: To map patients, all patients >16 yr of age admitted to the Christian Medical College (CMC) Hospital, Vellore, India, with a confirmed diagnosis of scrub typhus between January 2006 and April 2011 were included. All cases were confirmed to have scrub typhus by scrub typhus IgM ELISA and physicianadjudicated final diagnosis.
Mapping: Postal addresses obtained from official hospital records were used to assign each patient to a taluk (administrative subdivision), which was then mapped using ArcGIS 10 software (Environmental Systems Research Institute Inc., Redlands, CA, USA). State and taluk vector maps for Tamil Nadu and Andhra Pradesh (now including Telangana) were obtained from the Global Administrative Areas database, a free service that provides vector maps of the administrative divisions and sub-divisions in different countries of the world 12 . Scrub typhus cases were plotted using circles of varying sizes to depict the number of cases in each taluk within the States. This geographic information system (GIS) map was interpreted visually to assess potential clusters.
Seasonality analysis:
In order to assess potential seasonal variations of scrub typhus, a time series was compiled using the monthly counts of scrub typhus cases reported in CMC Hospital during 2006-2011. The overall pattern of seasonality in southern India was assessed by fitting a smoothed curve of the monthly observed cases for each year, using the LOESS (locally weighted least-squares regression) smoothing technique 13 . The relative effect of the month of the year on the reported cases of scrub typhus was also assessed using a Poisson regression analysis, with the monthly counts of scrub typhus cases as an outcome and a dummy variable for the month of diagnosis. The results of the regression model are presented as incidence rate ratios (IRR) with 95 per cent confidence intervals (CI), which denote the relative increase in scrub typhus cases for a given month compared to a reference category, which in this case was May as it had the fewest reported cases.
Case-control analysis:
To assess the risk factors associated with the disease, a case-control study was conducted among the subset of patients that resided in Vellore district. Age and sex-matched controls were selected from randomly chosen households in the same village where the case was located. Information on demographic characteristics, occupation, living environment, leisure activities, and sanitation/hygiene practices was collected from cases and controls using a pre-designed proforma. Cases and controls were also questioned about exposure to domestic animals and rodents, as well as shrubs and bushes. The presence of shrubs and bushes around the houses was assessed by the interviewers. Community outreach personnel were trained to interview the patients in the local language and record the data after obtaining informed consent. Odd ratios were subsequently calculated, and the exposures found to be significant (P<0.05) were incorporated into a binary logistic regression medel, using SPSS software, version 16 (Chicago, USA). The study was approved by the CMC Institutional Ethics Committee.
Results
Seven hundred and nine patients with a confirmed diagnosis of scrub typhus were included in the mapping portion of this study. The mean age of patients was 49.9 ± 15.7 yr and 51.3 per cent (n=364) were male. Apart from Vellore, the taluks with the highest number of reported cases were Gudiyatham (51 cases), Polur (44 cases), and Walajah (44 cases) in Tamil Nadu and Chittoor (123 cases), Tirupati (30 cases), and Porumanilla (15 cases) in Andhra Pradesh. Cases reported from Andhra Pradesh appeared to cluster around the State border with Tamil Nadu (16 taluks) and a few from Peddapuram. Cases were also reported from Nizamabad in Telangana (Fig. 1) . Cases of scrub typhus from Vellore appeared dispersed; however, the high prevalence of cases around Vellore might be due to the close proximity and thus availability of CMC Hospital.
The cumulative distribution of scrub typhus cases by month of diagnosis is presented in Fig. 2 , and the monthly time-series is presented in Fig. 3 . The highest numbers of cases were observed during the cooler months of the year (September-January), with a peak observed during January (Fig. 2) 
Discussion
While scrub typhus has been extensively reported in Tamil Nadu, only one study has emerged from 78 INDIAN J MED RES, JULY 2016 Andhra Pradesh, in the district of Adilabad in 2009 14 . We observed a high prevalence of cases in and around Vellore and the State border. This could potentially be due to a case-detection bias. Alternatively, these areas could represent a scrub typhus hot-spot as denser vegetation has been observed near a river in this region. Further evaluation would be necessary to resolve this. Other areas contributing large numbers of cases distal to this border area, could also represent areas of higher scrub typhus activity in these States. In total, we reported 193 cases from AP, with more than half (54.6%) of these cases from Chittoor. Notably, the Agricultural Census by the Ministry of Agriculture, Government of India, for the year 2010-2011 reported a 9.1 per cent increase in the number of operational agricultural land holders in Andhra Pradesh compared to [2005] [2006] 15 . This increase in agricultural workers in the area might be the reason for high number of cases as people working in agriculture could increase exposure to the trombiculid mites that harbour O. tsutsugamushi. Spatial analysis, i.e. hot-spot or cluster analyses could not be performed in this study as the vector maps obtained from the open-source database lacked spatial projection information. Future research examining the relationship between environmental features such as precipitation, land use, vegetation index, and relative humidity to scrub typhus incidence, as has been performed in Taiwan 16, 17 , could be important for future efforts to control its spread in southern India.
Many studies from India have reported a "postmonsoon" or "winter" spike in the number of scrub typhus cases [18] [19] [20] . Our study showed a similar increase in cases during the cooler months. However, a drastic reduction was observed in reported cases between February and June, which was contrary to the findings of Vivekanandan et al 20 in Puducherry that showed a high number of cases reported until April. The highest risk of scrub typhus was seen in October, December and January, which coincides with the period immediately after the Southeast and Northwest monsoons, respectively in Tamil Nadu. Post-monsoon scrub typhus in India is believed to occur due to increased exposure to trombiculid mites during harvesting season as well as the growth of new vegetation, which serves as habitat for this vector 18 .
Our study was limited in its ability to distinguish risk factors, as there was no guarantee of a truly negative control group. Though, scrub typhus had a sero-prevalence of around 5 per cent in the Vellore area around our study period 21 , making it less likely that controls had the disease. These seroprevalence data were collected early during the recognition of the re-emergence of this infection, so the prevalence could be higher now. Some of the controls could have previously been infected as well and, thus, were not true controls. Furthermore, our risk assessment was a broad one, geared to cover the major classical risk factors. A more detailed analysis of factors associated with housing conditions and local vegetation around the house, insecticide spraying, personal practices such as taking a bath after outdoor activities, and personal protective measures along with the assessment of risk factors associated with farming (more detailed analysis of the type of vegetation; crops or vegetables grown) could have provided more information on the details of risk situations.
In conclusion, this study provides valuable, regional data about scrub typhus in south India, which can inform clinical and public health decisions at a local level. Though there are some weaknesses in our data, it seems reasonable for public health interventions to focus on agricultural workers, particularly in the cooler months of the year. Our study, though in some ways limited by case-detection bias, documents a growing number of cases. Further research and health interventions are warranted to protect the population from this infection.
